Abstract The gliding arc can offer high energy efficiency and selectivity for chemical reactions and has been widely applied in material processing, environmental protection and other industrial areas. But the discharge properties, measurement of plasma parameters and related physical processes of the gliding arc discharge still need to further studied. In this study, the gliding arc was driven by the transverse magnetic field to produce the non-equilibrium plasma at high pressure. The parameters of the plasma at our observed point were measured by optical methods. The experimental result shows that the electron temperature is about 0.6 eV and the heavy particle temperature is approximately 2987±250 K.
Introduction
One of the critical challenges in modern plasma chemistry is to generate the non-equilibrium cold plasma by powerful gas discharge at high-pressure [1∼4] . The gliding arc is an important approach to producing non-thermal equilibrium plasma at high pressure [1] . It can offer high energy efficiency and selectivity for chemical reactions and has been used in material processing, methane steam reforming, environmental protection and other industrial applications [5∼10] . The gliding arc can be driven by a transverse gas flow or a transverse magnetic field [7,8,10∼12] . The properties of the gliding arc are severely influenced by the transverse gas flow driving it, which is discussed in many articles [7, 8, 10] . But the properties of the gliding arc are only discussed qualitatively or semi-quantitatively mainly due to a lack of plasma parameters, e.g., electron temperature, heavy particle temperature and particle densities. In this paper, the gliding arc driven by the transverse magnetic field is taken into account, and the electron temperature and heavy particle temperature measured by optical methods are also discussed.
Experimental device
A schematic diagram of the experimental device is shown in Fig. 1 . A transverse magnetic field, perpendicular to the arc current, was produced by a magnetic coil inside which the annular soft-iron core was set. The transverse magnetic field was mainly used to drive the arc upwards. In order to observe the arc inside the annular soft-iron core, a slit whose width (d 2 ) is about 2 mm was left between the S-poles of the magnet. There was a gap with a width (d 3 ) of 12 mm in the annular soft-iron core. The magnetic inductance in this gap was about 3194 Gs while the magnetic inductance out of the gap was negligibly small. The direction of the magnetic field (B) in this gap is shown in Fig. 2 . The gliding arc discharge reactor, which was placed in air, consisted of two electrodes as is shown in Fig. 2 . The left electrode was negative, and the right one was positive. The reactor was placed in the gap, and the distance of the smallest gap between the electrodes was about 1.5 mm. The gas injected into the reactor was argon, which was mainly used to dilute the air in the reactor. The flow rate of argon was about 3.3 L/min. The signals of the arc voltage and arc current were sampled from R 1 (20 MΩ) and R 2 (1 Ω) respectively. Then the signals were recorded by a four-channel digital storage oscilloscope (TDS2014, 100 MHz, 1 GS/s), and the electric wave-forms were transferred to PC for data processing. The point where we observed the plasma parameters was the midpoint of the arc column in the axial direction, above the soft-iron core at a distance of about 75 mm (d 1 shown in Fig. 2 ). The optical signals of the plasma from the observed point were collected by a spectrometer (AvaSpec-2048-USB2-RM, calibrated by Avantes Corporation) with a 10 µm slit entrance width.
3 Results and discussion
Electron temperature
In our experiments, argon atomic lines were recorded by a spectrometer. Seven atomic lines were chosen for calculating the plasma electron temperature. The parameters of the seven lines, which are presented in Table 1, will be used in the following calculation of the electron temperature.
The electron temperature is calculated by the Boltzmann plot method. According to the Boltzmann formula, we have
where I n is the intensity of a line, λ n is the wavelength of a line, g n is the statistic weight of state |n >, A nm is the transition probability from state |n > to |m >, E n is the energy of state |n >, k B is the Boltzmann constant, T e is the electron temperature or temperature of electronic excitation, and D is a constant. The left side of the formula (1) is known, as I n is the measured intensity for a selected argon atomic line, and λ n , g n and A nm can be obtained from Table 1 . If the left side of formula (1) is plotted as a function of E n , this plot should be a straight line with the slope -1/k B T e . The temperature T e is known if the slope is measured. According to the measured intensities of the seven selected argon atomic lines, we obtain a straight line by a linear fit as shown in Fig. 3 . The electron temperature T e is about 0.6 eV from the slope of the fitting line. But we should note that the temperature obtained from the Boltzmann plot is the excitation temperature T excit . If the plasma is in a thermal equilibrium or partial thermal equilibrium state, the excitation temperature T excit obtained is close to the electron kinetic temperature T e . If the plasma departs from equilibrium, the excitation temperature T excit is commonly less than the electron kinetic temperature T e . 
Heavy particle temperature
The heavy particle temperature (gas temperature) is commonly low and less than the electron temperature in the 'tail' of the gliding arc plasma. In an argon gliding arc discharge plasma, the spectrum of OH radical is easy to be found. The rotational temperature of OH radical is often close to the heavy particle temperature (gas temperature) [14] . The OH band (A 2 , ν = 0 → X 2 , ν = 0) was used in our experiment. In order to enhance the intensity of the OH band, argon passed through a vessel filling with water before argon was injected into the reactor. Fig. 4 presents a typical spectrum of the UV band recorded at the observed point (i.e., the 'tail' of the gliding arc plasma) in our experiment. The OH band (i.e., 306∼310 nm) is very strong in our observed spectrum. FWHM (i.e., Full Width at Half Maximum) in the UV band (i.e. 300∼400 nm) of our optical system, measured by using a spectral mercury-argon lamp provided by Avantes Corporation, was about 0.23 nm. The spectrum of the OH band extracted from Fig. 4 is shown in Fig. 5. Fig. 5 shows the presence of two groups of unresolved rotational lines, G 0 and G 1 . The amplitudes of G 0 and G 1 are very sensitive against the rotational temperature of OH radicals [15] . We theoretically calculated the values of G 0 /G ref and G 1 /G ref at different rotational temperatures for FWHM =0.23 nm according to reference data [14] . Fig. 6 We should pay attention to the fact that the wavelength of the peak G 0 is approximately 306.357 nm. There is a copper atomic line 306.341 nm near the peak G 0 because our electrode material is copper. If FWHM is not high enough, these two lines will not be distinguished. So the amplitude of G 0 is perhaps influenced by the CuI line in our experiment for FWHM=0.23 nm. And the temperature obtained according to the values of G 0 /G ref perhaps has a bigger error than that obtained according to the values of G 1 /G ref . Therefore, the heavy particle temperature (gas temperature) is approximately determined as 2987 K in our gliding arc discharge conditions.
Because the gliding arc radius is commonly very small at about 1∼2 mm, the spatial resolution of temperature in the radial direction is very difficult to be achieved. Therefore, the spectra obtained in our experiments were thought as a value of the average intensity of the plasma in a certain space at our observed point. And each spectrum obtained had been averaged 100 times automatically by the spectrometer. Through many analyses of the spectra, the error of the temperature measurements, mainly caused by the gliding arc motion, was about ±250 K.
Conclusions
The gliding arc was driven by the transverse magnetic field in our experiments, and the working gas was argon. The spectra of the argon atomic lines and OHradicals were recorded by the spectrometer at our observed point. We utilize the Boltzmann plot method to determine the electron temperature, which is about 0.6 eV. And the heavy particle temperature (gas temperature) is 2987±250 K obtained by analyzing the spectrum of OH-radicals.
Therefore, we see that the electron temperature is higher than the heavy particle temperature. The gliding arc plasma in our experimental conditions departs from thermal equilibrium. The electron temperature obtained by the Boltzmann plot method is the electronic excitation temperature and is perhaps less than the real kinetic electron temperature. In this paper, the electron temperature is only an approximate value. But it is a very difficult task to measure the real kinetic electron temperature in the non-equilibrium state, and it still needs further studying.
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